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类，肺癌可以分为两大类：小细胞肺癌（small cell lung cancer，SCLC）和非小细
胞肺癌（non small cell lung cancer，NSCLC），小细胞肺癌占所有病例的 20%，其
余 80%左右为 NSCLC，包括鳞癌、腺癌、大细胞癌等类型。手术、放疗以及化疗
等多学科综合治疗是指南推荐的 NSCLC 的首选治疗方式。由于 NSCLC 早期的典










growth factor receptor-tyrosine kinase inhibitor, EGFR-TKI）在晚期 NSCLC 治疗方




敏感突变的 NSCLC 患者一线 EGFR-TKI 治疗无效。继发性耐药是指患者接受






















研究发现 miRNA 在肿瘤耐药中的作用，本研究应用 microarray 和荧光定量 PCR
技术对比分析经 EGFR-TKI 治疗的 EGFR 敏感突变 NSCLC 患者血浆 miRNA，寻
找耐药相关 miRNA 分子标志，为临床合理选择治疗药物提供依据。 
 
方法 
本研究共纳入 118 例 EGFR 敏感突变的 NSCLC 患者，给予口服吉非替尼（
250mg/d）或厄洛替尼（150mg/d）治疗，治疗 3 个月后按临床疗效把病人分为
原发耐药组和非原发耐药组。选取其中 8 例进行了全 miRNA 表达谱芯片分析，
筛选出原发耐药组与非原发耐药组之间显著差异表达的血浆 miRNA，进一步扩
大样本量应用荧光定量 RT-PCR 验证差异表达的 miRNA, 分析 miRNA 表达量和
EGFR-TKI 治疗敏感突变型 NSCLC 患者原发耐药之间的关系。运用 Target Scan
、miRDB 软件预测差异表达的 miRNA 可能调控的靶基因。表达谱芯片和 RT-PCR
共同挑选的显著差异的 miRNA，运用 IPA 分析可能的信号通路。 
结果 
1） 通过 miRNA 表达谱的差异性分析,获得 16 个有显著表达差异的 miRNA,其中
15 个表达下调,1 个表达上调。 
2） 荧光定量 RT-PCR 验证结果表明,血浆中 9 个 miRNA（hsa-miR-744-5p，
hsa-miR-138-2-5p,hsa-miR-3153,hsa-miR-4791,hsa-miR-4803,hsa-miR-548aq-5p
,hsa-miR-372-5p ,hsv2-miR-H19，hsa-miR-4796）在原发耐药与非原发耐药者
间有显著性表达差异，P 值均小于 0.05。 
3） 挑选了表达显著上调的 2 个 miRNA 预测其靶基因，结果提示 miRNA 可能参
与 EGFR-TKI 原发耐药的调控。 
 
结论 
经过 miRNA 芯片初步筛查和进一步的荧光定量 RT-PCR 的验证，本研究发















水平显著差异的 miRNA，功能分析显示这些 miRNA 参与细胞重要功能调控，表
明本研究发现的差异表达的 miRNA 可能与敏感突变型 NSCLC 原发耐药的发生






















Lung cancer is the leading cause of cancer-related death worldwide. It is 
classified into non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC) 
by histological category. More than 80 % of lung cancer is non-small cell lung cancer 
(NSCLC), which includes adenocarcinoma, squamous cell carcinoma, large cell 
carcinoma, and bronchioalveolar carcinoma.Epidermal growth factor receptor 
tyrosine kinase inhibitor(EGFR -TKI) has achieved huge success and became one of 
the standard treatment for NSCLC. It has been proved that the effectiveness of 
EGFR-TKI is superior to chemotherapy in NSCLC with activating EGFR mutation. 
Patients with activating EGFR mutations responded well to the EGFR-TKI. However, 
the efficiency of EGFR-TKI is increasingly limited by durg resistance, approximately 
10% of patients with EGFR-activating mutations do not show objective responses to 
EGFR-TKI (primary resistance). Although possible mechanisms have been explored 
in several preclinicaland retrospective studies, little is known about the molecular 
backgrounds of primary resistance. MicroRNA (miRNA) are small (~22-nucleotides 
long), non-coding, single-stranded RNAs that regulate gene expression 
post-transcriptionally. In recent years, the dysregulation of miRNA has been 
highlighted as one of the mechanisms of primary resistance. It has been proved that 
several miRNA enhance therapeutic efficacy by modulating the sensitivity of cancer 
cells to EGFR. 
 
Methods  
118 NSCLC patients with EGFR activating EGFR mutations treated with 
EGFR-TKIs were enrolled.8 Matched plasma samples were collected for miRNA 
profiling using microarray analysis. Quantitative reverse transcriptase PCR (RT-PCR) 



















1) According to data processing and analysis, specific miRNA were identified to 
be differentially expressed between EGFR-TKI primary resistance patients and 
EGFR-TKI sensitive patients. This analysis revealed 16miRNA that were 
differentially expressed between these two groups. More specifically,15 miRNAs 
were down-regulated (hsv2-miR-H19, hsa-miR-744-5p, hsa-miR-3196,hsa-miR-3153, 
hsa-miR-4791,hsa-miR-4803,hsa-miR-4796-3p, 
hsa-miR-372-5p,hsa-miR-138-2-3p,hsa-miR-16-1-3p,hsa-miR-1469, hsa-miR-585-3p, 
ebv-miR-BART14-5p, hsa-miR-769-3p, hsa-miR-548aq-5p), while hsa-miR-503-3p 
were up-regulated in EGFR-TKI primary resistance patients.  
2) The expression levels of miRNA were identified in 8 plasma samples by 
RT-PCR. The expression of hsa-miR-744-5p, hsa-miR-138-2-5p, hsa-miR-3153, 
hsa-miR-4791, hsa-miR-4803, hsa-miR-4796-3p, hsa-miR-372-5p, hsa-miR-548aq-5p 
and hsv2-miR-H19 were significantly higher in EGFR-TKI sensitive Patients than in 
primary resistance patients. 
3) The targets of the2 deregulated miRNA were predicted by TargetScan and 
miRDB，Results in this revealed a wide variety of miRNA involved in several 
signaling pathway.  
 
Conclusion 
The study identified differentially expressed miRNAs associated with EGFR-TKI 
primary resistance in blood of patients with NSCLC treated with TKI. These findings 
in present study demnostrated a new potential of miRNA associated with EGFR-TKI 
Primary resistance in NSCLC withactivating EGFR mutations. Further, the 
significance of these altered plasma miRNAs in clinical applications need to be 
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英文缩写 英文全称 中文名称 
SCLC small cell lung cancer 小细胞肺癌 
NSCLC non small cell lung cancer 非小细胞肺癌 
EGFR epidermal growth factor receptor 表皮生长因子受体 




ORR Objective response rate 客观缓解率 
PFS progression-free survival 无进展生存期 
miRNA microRNA 微小 RNA 
HGF hepatocyte growth factor 肝细胞生长因子 
EMT Epithelial-Mesenchymal Transition 上皮-间质转化 
precursor miRNA pre-miRNA miRNA 前体 
RISC RNA-induced  silencing complex RNA 诱导的沉默复合体
RNase Ribonuclease 核糖核酸酶 
RT reverse transcription 反转录 
PCR Polymerasechain reaction 多聚酶链式反应 




PD progression of disease 疾病进展 
CR complete remission 完全缓解 
PR partial remission 部分缓解 
SD stable disease 疾病稳定 
EDTA ethylene diamine tetraacetic acid 四乙酸二氨基乙烯 





















者中 80%-85%的组织学类型为非小细胞肺癌（nonsmallcell lung cancer, NSCLC





(epidermal growth factor receptor)为靶点的分子靶向药物-表皮生长因子受体酪氨
酸激酶抑制剂（epidermal growth factor receptor-tyrosine kinase inhibitor,EGFR-TKI
）的出现为晚期 NSCLC 患者的治疗提供了新的希望。美国食品药品监督管理局
（Food and Drug Administration，FDA）先后批准吉非替尼 (Gefitinib，Iressa)、
厄洛替尼( Erlotinib，Tarcewa) 用于治疗一线治疗敏感突变型晚期 NSCLC。临床
研究表明：EGFR-TKI 对 EGFR 外显子 19 缺失突变和外显子 21 L858R 点突变的
患者有效，这两种突变被称为EGFR敏感突变。临床治疗指南建议首选EGFR-TKI
治疗 EGFR 敏感突变的 NSCLC[3]。全球性的多中心的 IPASS 研究显示吉非替尼
、厄洛替尼治疗 NSCLC 患者在客观缓解率(Objective response rate，ORR)、无进
展生存期(progression-free survival，PFS)、和耐受性等方面显著优于化疗[4, 5]。 
然而，随着 EGFR-TKI 的广泛应用，临床应用 EGFR-TKI 的过程中我们发现





















EGFR-TKI 治疗无效者存在 EGFR-TKI 耐药现象。最新分子机理研究表明
EGFR-TKI 耐药与其他驱动基因改变有关，如 RAS 基因突变引起肿瘤的耐药[8]。 
近年来肿瘤表观遗传改变与耐药之间的关系引起越来越多研究者的关注，
microRNA(miRNA)作为表观遗传学领域的研究新星，其与肿瘤耐药的联系，成为
近年来研究的热点。miRNA 为长度约 19～25 个核苷酸的非编码 RNA，miRNA
本身并不编码蛋白质，而是在转录后水平通过与特异的靶 mRNA 的 3＇-UTRs 结
合使之降解或者抑制其翻译，从而调控相关靶基因的表达[9]。人类大约 1/3 的基因









akt 信号通路等[12, 13]。而 miRNA 通过在转录后水平调控特定蛋白的表达及参与
相关信号通路，从而调节肿瘤细胞对治疗药物的敏感性。研究耐药型结肠癌细胞
株 S1MI80 发现，抑制 miR-519c 的表达后，其靶基因 ABCG2 的高表达可下调细
胞的药物抵抗性[14]。另有研究发现，miRNA-200c 通过调控 TUBB1、ZEB1 及 ZEB2 
等靶点增强细胞对紫杉醇的药物敏感性[15]。Song 等发现，在骨肉瘤中，miRNA-140
与细胞对 5-FU 及甲氨蝶呤敏感性有关，阻断内源性 miRNA 后，细胞对 5-FU 的
敏感性增加，而过表达的 miRNA-140 导致细胞对 5-FU 的耐药性增强[16]。越来越
多的研究都证实了 miRNA 可调控相关靶基因而影响细胞对药物的敏感性，这些
都表明 miRNA 与肿瘤耐药有着十分密切的关系。  
miRNA 表达谱芯片技术是一种能快速有效分析 miRNA 表达谱的方法。本实
验拟通过 miRNA 表达谱芯片技术，检测 EGFR-TKI 治疗敏感突变型 NSCLC 原
发耐药组与非原发耐药组间血浆 miRNA 的表达差异，筛选出与敏感突变型
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